Reversible Resistance Switching Effect in Amorphous Ge1Sb4Te7 Thin Films without Phase Transformation by Sun Hua-Jun et al.
CHIN. PHYS. LETT. Vol. 26,No. 2 (2009) 024203
Reversible Resistance Switching Effect in Amorphous Ge1Sb4Te7 Thin Films
without Phase Transformation *
SUN Hua-Jun(孙华军)1**, HOU Li-Song(侯立松)1, WU Yi-Qun(吴谊群)1, TANG Xiao-Dong(唐晓东)2
1Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences, Shanghai 201800
2Laboratory of Polar Materials and Devices, East China Normal University, Shanghai 200241
(Received 4 June 2008)
We demonstrate a reversible resistance switching effect that does not rely on amorphous-crystalline phase trans-
formation in a nanoscale capacitor-like cell using Ge1Sb4Te7 films as the working material. The polarity and
amplitude of the applied electric voltage switches the cell resistance between low- and high-resistance states, as
revealed in the current-voltage characteristics of the film by conductive atomic force microscopy (CAFM). This
reversible SET/RESET switching effect is induced by voltage pulses and their polarity. The change of electrical
resistance due to the switching effect is approximately two orders of magnitude.
PACS: 42. 79.Vb, 84. 37.+q, 61. 43.Dq
Since the pioneering works of Ovshinsky et al.[1−3]
in the 1960s on switching and memory effects in
chalcogenide alloys and motivating the field of amor-
phous semiconductors, phase change materials in Ge–
Sb–Te and Ag–In–Sb–Te systems have been suc-
cessfully used in rewritable optical discs, such as
CD-RW,DVD-RW and DVD-RAM.[4−7] In the past
5 years, many researchers focused on phase-change
memory (PCM) based on high-speed reversible struc-
tural transformations resulting in big change in elec-
trical properties. The transformation between amor-
phous and crystalline phases can be induced by short
pulsed lasers or voltages. The electrical switching in
chalcogenides is based on their symmetric current–
voltage (𝐼–𝑉 ) characteristics and current-controlled
effects, and is referred to as ovonic switching.[8−13]
However, in certain Ag-saturated chalcogenides with
asymmetric 𝐼–𝑉 characteristics, reversible resistance
switching has been identified which is not resulted
from phase change but the formation and rupture
of Ag filaments which could be formed and dis-
solved in an amorphous phase by electrolytic switch-
ing mechanism.[14−19] This is related to the solid-
state electrolytic character and high ionic conduc-
tivities of chalcogenides, and hence is called the
ionic/electrolytic switching. Such switching effect
has been demonstrated in some Ag-saturated chalco-
genides including Ag–S,[14,15] Ag–Ge–Se,[16,17] Ag–
Ge–Te,[18] and Ag–In–Sb–Te.[19] This switching effect
seems more attractive than phase-dependent switch-
ing for applications, because it can be performed
at lower voltages (e.g. < 0.5 V) and does not in-
volve major structural changes, as a result, effects
like phase separation are limited, leading to enhanced
device life. Pandian et al.[20] demonstrated Polarity-
dependent reversible resistance switching in Sb-excess
Ge2Sb2+𝑥Te5 phase-change thin films and concluded
that Sb instead of Ag filaments can be formed and
dissolved in Sb-excess Ge2Sb2+𝑥Te5 similarly to Ag-
saturated chalcogenides. In our research, asymmet-
ric 𝐼–𝑉 characteristics were observed in stoichiometric
amorphous Ge1Sb4Te7 films, the electrical switching
was bias voltage amplitude- and Polarity-dependent.
In the present work, reversible resistance switching is
reported that is not caused by phase transformation
between amorphous and crystalline states of the films.
The 𝐼–𝑉 characteristics of the Ge1Sb4Te7 thin films
were measured by C-AFM (VeecoDimension-3100)
and a nanoscale metal-Ge1Sb4Te7-metal capacitor-
like cell was formed by bottom electrode and nanoscale
top electrode (Pt/Ir coated tip> 50 nm).
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Fig. 1. Sample structure and the CAFM experimental
setup.
The sample structure and CAFM experimental
setup are shown in Fig. 1. Stack films were de-
posited on Si wafer substrates by magnetron sput-
tering as Si/Ag(50 nm)/Ge1Sb4Te7(100 nm). The
100 nm Ge1Sb4Te7 films were sputtered at Ar pres-
sure of 0.6 Pa, and the background pressure below
6.0 × 10−4 Pa, with the sputtering power of 45 W.
The 𝐼–𝑉 characteristics of the Ge1Sb4Te7 thin films
were measured by C-AFM, silver epoxy was used as
conductive wire connecting the silver conductive layer
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(bottom electrode) and the CAFM pedestal to form a
closed circuit, Pt/Ir coated tip serves as top electrode
(> 50 nm), thus a nanoscale metal–Ge1Sb4Te7–metal
capacitor-like cell was formed. This switching effect
was also tested with single voltage pulses of 50mS for
repeated cycles and the SET/RESET function. All
the measurements were carried out in air and at room
temperature.
The 𝐼–𝑉 characteristics of the Ge1Sb4Te7 films
were obtained by sweeping from a negative bias volt-
age to a positive one and backward to the negative bias
voltage as shown in Fig. 2. Before the measurements,
the film between the electrodes was swept from zero
to +170 mV. Hence, the sample is initially in the low-
resistance state (LRS). There are two turning points
in the forward direction i.e. from LRS to the high-
resistance state (HRS) at a voltage of −140 mV and
from HRS to LRS at a voltage of +140 mV. It does not
follow the same path when LRS reverses to HRS in
the backward direction. Repeating 𝐼–𝑉 curves shows
that LRS can be switched to HRS at a lower negative
voltage in the backward. At lower voltage values of
both bias polarities, only HRS exists and the struc-
tural state of the material does not change at all. In
contrast, no obvious turning point could be observed
when the bias voltage was swept only at the same po-
larity all the time. 𝐼–𝑉 characteristic of the sample
hence shows the asymmetry with respect to the polar-
ity of bias.
Fig. 2. 𝐼–𝑉 characteristics of the Ge1Sb4Te7 film sample.
Turning points in the 𝐼–𝑉 characteristics mean switching
between the high and low resistance states represented by
HRS and LRS, respectively. The sweeping directions of
bias voltage from −170mV to +170mV and backward to
−170mV are indicated by arrows.
According to the 𝐼–𝑉 characteristics of the film,
the LRS and HRS can be reversed by applying the
bias voltage, while the resulting state can be main-
tained even after switching. The typical changes in
resistance of the SET and RESET function after ap-
plying voltage pulses are shown in Figs. 3(a) and 3(b),
respectively. The sample began with HRS, and pos-
itive voltage pulses were first applied and resistances
were read at −50 mV after applying each pulse. As
shown in Fig. 3(a), when the pulse height gradually in-
creases from +20 mV to +170 mV, the HRS remains at
low voltage pulses below +130 mV, and the resistance
decreases suddenly from 108 to 107 Ω approximately
after applying a +135 mV voltage pulse and further
decreases from 107 to 5 × 106 Ω approximately after
applying a +160 mV voltage pulse. It is apparent that
HRS can be successfully switched to LRS by applying
a relatively high positive voltage pulse. In another
experiment, negative voltage pulses were applied to
the sample and resistances were measured at −50 mV
after applying each pulse. In this case the sample
began with LRS. As shown in Fig. 3(b) the pulse
height gradually changes from −20 mV to −170 mV.
The LRS remains unchanged until a −130 mV voltage
pulse was applied, and the resistance increases sud-
denly from 107 to 108 Ω approximately and further
increases from 108 to 109 Ω approximately after appli-
cation of a +150 mV voltage pulse. It is also clear that
LRS can be reversed to HRS by applying a relatively
high negative voltage pulse. Thus the two states can
be used for reversible resistance switching. It is very
easy to realize reversible switching between the HRS
and LRS states by applying high or low voltage pulses,
respectively.
Fig. 3. Resistance of the sample as a function of pulse
height with the pulse width of 50ms. The SET (a) and
RESET (b) functions are realized by applying relatively
high voltage pulses at opposite polarities. Resistance was
measured at −50mV after applying a pulse.
Figure 4 illustrates a very stable reversible pulse
polarity-dependent switching effect of the sample.
The resistance was read at −50 mV after applying
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each of the voltage pulses. A resistance of approxi-
mately 107 Ω of the LRS was obtained after applying
a +170 mV voltage pulse, while resistance reversed to
approximately 109 Ω of HRS after applying −170 mV
voltage pulse. A positive pulse causes HRS→LRS
switching, while a negative pulse causing the switching
in the opposite direction. The resistance ratio of HRS
to LRS is as high as 102, which shows little change
even after 10 cycle of the reversible switching.
Fig. 4. Resistances of the sample after applying −170mV
and +170mV voltage pulses as a function of cycling num-
ber. The resistance of HRS is about 102 times as high as
that of LRS.
The switching effect reported in this work is dif-
ferent from the ovonic switching which is a current-
controlled effect and is associated with structural
transformation of the material. The 𝐼–𝑉 curves in
the capacitor-like samples in the present work ex-
hibit asymmetry, they are voltage-controlled and bias
polarity-dependent. Our Ge1Sb4Te7 films are stoi-
chiometric and thus no excess Sb exists for high ionic
conductivity, hence the switching effect is not related
to the solid-state electrolytic character. In our pre-
vious work we demonstrated that the resistance ex-
hibited an abrupt change from 107 to 103 Ω/square
due to phase transformation between amorphous and
crystalline states of the Ge2Sb2Te5 films.[21] How-
ever, in the Ge1Sb4Te7 films of the present work no
phase transformation between amorphous and crys-
talline states occurs. From the roughness of the films
can be noticed the presence of local defects which con-
sist partly of vacancies and the compositional varia-
tion which can form a series of states at various levels
within the energy gap. Lucovsky et al.[22] demon-
strated reversible chemical phase separation in the
GeSbTe films; we think that reversible reaction be-
tween charge-localized states and charge-delocalized
states might lead to electrical hysteresis and a repro-
ducible switching effect. This may explain the repro-
ducible switching effect without phase transformation
between amorphous and crystalline states.
In summary, we have investigated electrical prop-
erties of a nanoscale capacitor-like cell using an amor-
phous Ge1Sb4Te7 film as the working material and
demonstrated a reversible switching effect which is not
based on the amorphous-crystalline phase transforma-
tion. The 𝐼–𝑉 characteristics of the film exhibits a
bias polarity-dependent switching between high and
low resistance states. The change of electrical resis-
tance induced by voltage pulses is approximately two
orders of magnitude; and the SET/RESET function
can be realized by applying voltage pulses of different
polarities and amplitudes.
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